Recent advances in swept-source / Fourier domain optical coherence tomography (SS-OCT) technology enable in vivo ultrahigh speed imaging, offering a promising technique for four-dimensional (4-D) imaging of the eye. Using an ultrahigh speed tunable vertical cavity surface emitting laser (VCSEL) light source based SS-OCT prototype system, we performed imaging of human eye dynamics in four different imaging modes: 1) Pupillary reaction to light at 200,000 axial scans per second and 9 μm resolution in tissue. 2) Anterior eye focusing dynamics at 100,000 axial scans per second and 9 μm resolution in tissue. 3) Tear film break up at 50,000 axial scans per second and 19 μm resolution in tissue. 4) Retinal blood flow at 800,000 axial scans per second and 12 μm resolution in tissue. The combination of tunable ultrahigh speeds and long coherence length of the VCSEL along with the outstanding roll-off performance of SS-OCT makes this technology an ideal tool for time-resolved volumetric imaging of the eye. Visualization and quantitative analysis of 4-D OCT data can potentially provide insight to functional and structural changes in the eye during disease progression. Ultrahigh speed imaging using SS-OCT promises to enable novel 4-D visualization of realtime dynamic processes of the human eye. Furthermore, this non-invasive imaging technology is a promising tool for research to characterize and understand a variety of visual functions.
INTRODUCTION
Recent developments in swept-source and spectral domain optical coherence tomography (OCT) technologies have enabled ultrahigh speed OCT imaging at over 100,000 axial scans (A-scans) per second [1] [2] [3] [4] . Novel ultralong range and ultrahigh speed imaging of the eye has been demonstrated using SS-OCT with vertical cavity surface emitting laser (VCSEL) technology [5] . In this paper, we demonstrate time resolved volumetric data using four-dimensional (4-D) OCT with speeds up to forty volumes per second. We imaged pupillary reactions, anterior eye focusing dynamics, tear film break up, and retinal blood flow. The real-time dynamics of the human eye is captured and analyzed for characterizing visual functions.
MATERIALS AND METHODS
We developed a VCSEL light source based prototype SS-OCT system ( Figure 1 ) [5] . The laser was operated in four different modes with center wavelengths at around 1060 nm (Table 1) . To image the pupillary reaction, the VCSEL light source was operated at an axial scan rate of 200 kHz with 85 nm tuning range yielding 9 μm resolution and 5.6 mm Nyquist-limited imaging range in tissue. To image anterior eye accommodation dynamics, the axial scan rate was reduced to 100 kHz to achieve a 10.3 mm Nyquist-limited imaging range in tissue. To image tear film break up, the VCSEL light source was operated at a reduced axial scan rate of 50 kHz and reduced 30 nm tuning range for 19 μm 
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